Introduction
In their classic treatise on brain tumors, Bailey and Cushing postulated that 'the histogenesis of the brain furnishes the indispensable background for an understanding of its tumors' [1] . Genetic and molecular analyses of normal cerebellar development and medulloblastomas (MB) have identified changes in the regulation of signaling pathways that are important for cerebellar progenitor cell neurogenesis. These pathways include those that promote growth, such as Sonic hedgehog (Shh), Wnt, Notch, insulin growth factor (IGF)/phosphatase and tensin homolog (PTEN)/ mammalian target of Rapamycin (mTOR), as well as pathways that inhibit growth [e.g. bone morphogenic protein (Bmp) and basic fibroblast growth factor (bFGF) signaling pathways]. Molecular changes in pathways associated with MB development include both loss-and gain-of-function mutations, as well as alterations in the mRNA or protein levels of regulators within these pathways. Here, we review neurogenesis and cell-type specification in the developing cerebellum, and discuss the etiology of MBs and how pathways that function in normal development are involved in tumor formation and proliferation.
Overview of cerebellar development
The cerebellar cortex is a remarkably simple laminar structure [2] . The most prevalent neuronal subclass in the cerebellum, indeed within the entire mammalian central nervous system (CNS), is the cerebellar granule neuron. Granule neurons serve an essential role in coordinating afferent input to, and motor output from, the cerebellum through their excitatory connections with Purkinje neurons. Although the role(s) of the cerebellum in sensorimotor functions, balance control and the vestibular ocular reflex have long been appreciated, recent studies have revealed a role for the cerebellum in a wide range of cognitive functions, including feed-forward sensory-motor learning, speech and spatial memory [3] [4] [5] [6] [7] [8] [9] . Notably, a loss of spatial memory and other cognitive functions have been reported in children after successful tumor resection [10] . Although the function of the cerebellum in learning and memory is complex, its remarkably simple architectonics make it an attractive model system for studying CNS tumors, especially developmental tumors such as MB.
During embryogenesis, the cerebellar territory arises from rhombomere 1 in a zone bounded by the transcription factors Otx2 and Hoxa2 [11] [12] [13] . In addition to its important role in cerebellar development, Otx2 is amplified and overexpressed in MBs, suggesting that it is an oncogenic driver for MB [14] . Beginning on approximately embryonic day 10.25 (E10.25) in the mouse, a complex pattern of neurogenesis and cell movements generate the cerebellar cortex and cerebellar nuclei [15] . Classic neuroanatomical studies indicate that the dorsomedial ventricular zone (VZ) along the IVth ventricle gives rise to the principal output neuron of the cerebellar cortex, the Purkinje cell, neurons of the cerebellar nuclei and more than six types of cerebellar interneurons, including Golgi, basket and stellate cells [2, 16, 17] . A secondary germinal zone forms along the anterior aspect of the rhombic lip, which generates the cerebellar granule neuron, as well as a subpopulation of neurons of the cerebellar nuclei [18, 19] and neurons of several pre-cerebellar nuclei of the 'cerebellar system' [13, [19] [20] [21] [22] (Figure 1) .
Recent genetic experiments demonstrate that granule cell progenitors (GCPs) undergo predominantly symmetric divisions during early postnatal external germinal layer (EGL) development and that clonally related granule cells exit the cell cycle within a narrow time frame [23] . In agreement with earlier reports [24, 25] , these studies show a progressive slowing of GCP proliferation just before birth, and rapid expansion of distinct clones of granule cells just before cell cycle exit during the postnatal period [23] . Evidence from the Gene Expression Nervous System Atlas (GENSAT) Project, which has generated transgenic
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